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PURIFICATION OF ERYTHROPOIETIN BY ION.EXCHANGE CHROMATOGRAPIY

A method is given for the purification of cryt),-,po ctin fr,-n the filtrate of
acidified, boiled plasma prepared from phenylhydrazine anemic rabbits utilizingDEAJ.-
cellulose ion-exchange columns. The active erythropoietic factor thus prepared has
been partially characterized and shown o be an acidic glycoprotein of low molecular
weight.

In previous publications (1, 2, 1) we have signed fur a more definitive fractionation on
reported that the erythropoietic activity of the basis of the results obtained with pro-
icidified, boiled plasma filtrates (APF) pre- cedare 1. The separation experiments are sum-
p'tred from phenylhydrazine anemic rabbits marized in the elution diagrams in figures 1
was associated with a protein having the paper and 2. F,'action pcols as designated iii figure 1
electrophoretic mobility of an alpha globulin were dialyzed, lyophilized, and redissolved in
and the chemical characteristics of an acid 0.9 percent NaCi. Along with unmodified APF
glycoprotein. Acidic glycoproteins of small mo- starting material and control saline injections,
lecular weight are found in Cohn Fr action VI these fractions were assayed for erythropoietic
(4). In preliminary work with plasma from activity. Fraction pools as designated in figure
phenyihydrazine Anemic rabbits and from a 2 were assayed directly, using a solution of
patient with polycythemia vera we have found 0.9 percent NaCI in 0.01 molar sodium acetate
erythropoietic activity in Fraction VI (5). The buffer as a control injvction. Femalz Sprague-
present study was therefore designed to isolate, Dawley rats (average weight, 220 gin.) were
by ion-exchange chromatography, acid;c glyco- injected with the respective fractions from
proteins from the crude source of boiled anemic procedure I. Tile injections were given sub-
rabbit plasma. cutaneously each day fo.r 4 days with 2 rag..

by dry weight (in 2 ml. of 0.9 percent NaCI).
MATERIALS AND METHODS The fractions from procedure II were ad-

ministered on a similar schedule, the daily
Acidified, boiled plasma filtrate obtained dose being 0.5 mag. by protein content. The

from phenylhydrazine anemic, adult, white protein content was estimated on the effluent
male rabbits was prepared by a modification cf fraction pools by the ratio of optical density
the method of Gordon (6) an previously ea- measurements at 280 and 260 m , according
scribed (3). The filtrate was dialyzed in he to the method of Warburg and Christian (3).
cold for 48 hours against repectted chp.nges On day 4, the animals were given an intra-
of distilled water and then lyophilized. One venous injection of 0.5 ac. of iron-59 as iron
liter of plasma yielded 500 to 600 mag. of lyo- citrate contained in 0.25 ml. of solution. The
phili7ate. The lyophilizate, first being shown percent of the injected dose of iron-59 appear-
to possess erythropoietic activity by our pre- ing in the total red cell mass in 24 hours was
viously described mehod (3), wa, fractionated estimated by standard scintillation counting
on diethylaminoethyl (DEAE) cellulose icnyex- technics on whole blood obtained by aortic ex-
change columns (7). Two separation pro- sanguination with the aninmal under ether
cedures were utilized. Procedure II was de- anesthesia. The total red celi mass was cal-

culated from the m~icrohematocrit assuming an

Rcri,-d .ir pubhication on 28 'v 194. average blo-d volume of 5.18 ml. per 100 gin.



of body weight. Pricr to sacrifice, blood was ultracentrifuge. The centrifuge data suggest-
obtained from the tail vwin for reticulocy-te ed a molecular weight of about 10,000. By free
enumeration by the dry cresyl-blue method. electrophoresis, barbiturate buffer pH 8.6, ionic

strength 0.1, this peak yielded three compo-
RESULTS AND DISCUSSION nents with mobilities (j x 10'-) of -6.31,

-5.23, and -4.49. These mobilities ccrre-
The erythropoietic activity of the isolated spond to the mobilities of the alpha globulins.

fractions is presented in tables I and II. Frac-
tion A, washed from the column in the qolvent In procedure LI erythropoietic activity was
buffer, and fraction B showed no erythropoietic almost entirely confined to fraction G. The
activity. The small peak appearing in the minimal response inductl by fraction F sug-
elution diagram before fraction A wa3 also gests that it is contaminated by a small amount
inactive, but was tested in only two animals. of the active fraction. From the character of
Fraction C contained the majority of the the effluent diagram, it appears that the
erythropoietic activity and was more potent material in fraction G is homogeneous. On
than the starting material. In 0.15 molar NaCI paper electrophoresis in veronal buffer pH
the peak of fraction C wes homogeneous in the 8.6, ionic strength 0.075, it migrates as a
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FIGURE 1

Effluent diagram, procedure 1. APF (500 mg.) dissolved in .30 mt. of 0.0; -moloc' sodium acetate
buffer, pH 4.8. Solution clarified by centrifugation 4nd supcrnatc passed throu.& a DEAE-cellulose
column (40 X 2.5 cm.) which had been partially equilibrated !o pH 6.1 with 0.01 izgar acetatc buffer,
pH 4.8. Column washed with buffer and wash colcted in fractions I to~ 77. 7radzcat started at frac-
tion 77 by conltinuous introduction of 0.01 motor acetate buffer, pH 4.8 pl"~ 0.25 -Aolar NaCl into a
constant volume reservoir of 200 ml. of 0.01 molar aetate buffer. Column eperated at constant tcni-
perature of 25* C. Flow r'ateo0.65 wml.Imin. and fraction volume 6.5 ml. Fraction pool 44 to 56 (frzetivn
A), 135 to 138 (fraetiotn B), and 142 to 150 (fraction C).
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FIGURE 2

Effluent diagram, proccliure 11. APF (300 mg.) d tolved in O ml.
of 0.0. molar sodium a4etae .- 'ifer, pH 4.8. Soluii n elar'ified by cen-

trifugation and supernate passed through a DEAE--ellulo c column (so X
1 cm.) which had been par.iallv equilibrated to a pH 6.6 with 0.01 molar
acetate buffer, pH 4.8. Column washed wh buffer and wash collected
in fractions 1 to 11. Gradient started at fraction IS by continhu ,s intro-
duction of 0.01 molar acetate buffer, pH 4.8 plus 0.25 molar NaC1 inlo a
constant volume reservoir of 250 mL. 0.01 molar acetate buffer. Column
operated at constant temperature of 5* C. Fl-:v rate 0.08 nI./rin. Fract ion
volume: frzetions I to 13. 6.5 ml.; fractions 14 to 40, .5 ml. Fraction
pool 1 to 4 (fraction D), 7 to 12 (fraction E), 19 t.- 26 (fractior F), and
$0 to 40 (fraction G).
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TABLE~ I single component with a mobility between that
of alpha-2 and alpha-i globulin. It stains as sa

Erythropoietic activity of effluent fractions glycoprotein. From its behavior t-n the DEAE-
Proedue Icellulose column it has a low~ isoeltctric point.
Proceure IIts small moletular size is indicated by the

failure to form a sediment when APF is centri-
Fraction Reticulocytes Fel i~icorporation* fuged at 103,000 g for 24 hours. Its protein

pool in RBC content as estimated by the method of War-
_________ ____________ _____________ burg and Christian is 69.3 p~ercent. Its sialic

acid content, as determined by Winzler's rilodi-
(perent)fication of the method of Ayala et al. (9), is

A 2. ± 04 () 267 - 3 ~ 15.6 percent. Its hexose content, shown by

B 1.6 -t 0.5 (4) 27.4 ±10.4 (4) equivalent, and its gisucosamine content, deter-
mined by a modification of the method of Elson

C 6.1 ±t 1.5 (4) 50.5 ±2.2 (9) and Morgan (10), is 10 percent. Preliminary
APF 3.4 :t 0.6 (4) 39.9 ±t 4.4 (4) studies suggest that the glucose content is low,

and that at least a part of the hexose is
Saline 1.8 ±t 0.3 (4) 2 1. 0 -L 3.6 (7 present as galactose. The sialic acid content
contro* of the material is relatively high when comn-

*Mcn . pared with that reported for other serum
Figures in Parenthei.es indicate number of animas in grup glycoproteins (9), and is probably responsible 64
Values In I'oldface type Art statistically significant. P = 0.01 for its low isoelectric point. Fraction F con-

ories tains 9 percent sialic acid, while fractions D
and E contain none.

TABLE II graction G was obtained in a yield of 16 mg.

Erytropzetc aczvu~~ f efluet factons Calculations based on the amount of the start-Erytropictc ativty o efluet factons ing material indicate that the actire fraction

Procedure H stimulates erythropoiesis when administered
by injection of 50 pg. quantities. PreliminaryI - dose response data using fraction G suggest

Fraction Retictilocytee Fe" incorporation* that the injection of 16 14g. per day will in-
pool I in RBC disce a measurable erythropoietic response.

(perce.nt) This separation and isolation of erythro-
poietin is reproducible, and similar result-, have

D 2.7 = 0.6 (4) 28.3 -- 6.6 (4) byeen obtained from different lots of starting
APF material. Studiea are currently vinder-

E 2.5 = 0.4 (4% 26.9 ±L 4.5 (4) way to further characterize this erythropoietic
F 2.6 t 0.4 (4) 29.6 ±L 1.0 (4) factor.

G 6.5 -t 1.3 (4 1 47.6 ± 2.5 (4)

APF 3.5 _:0.5 (4) 40.7 ±t 6.9 j4) SUMMARY

control A method is given for the purification of
-1fa S. . erythropoietin from the filtrate of acidified,

boiled plasma prepared from phenylhydrazine
Figurrs an Psrenthesa Indicate number of animak& In group. anemic rabbits utilizing DFAE-celluloue ion-

or bI fe tp ttltcii insiat P=00 exchange colunins. The active erythropoietic
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factor thus prepared has been partiaily charac- The authors thank Miss Stella Gunakis, for her ex-
terizee andl shown to be an acidic glycoprotein cellent technical assistance, and Dr. V. Koenig, for the
of low molecular weght. electrophoretic and ultracentrifugal determinations.
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